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DESCRI PTI ON CATALYST FOR PREPARATI ON OF

a, (3- UNSATURATED CARBOXYLI C ACI D, PREPARATI ON METHOD
OF THE SAVE, AND PREPARATION 5 METHOD OF

a, (3- UNSATURATED CARBOXYLI C ACI D Technical Field The
present invention relates to a catalyst for oxidizing
an olefin or a,(3-unsaturated al dehyde with nol ecul ar
oxygen in a liquid phase to prepare 10 an a,

13-unsat urat ed car boxyhg j preparation nethod
of the catal yst, and Jb%$g§g?iﬁ?@n nmet hod of the

a, (3-unsaturated carboxylic acid. Background Art A
catal yst for oxidizing an olefin or a$-unsaturated

t@!gfi?@_w\ﬁ POR'PREPARATION BF &WM@W?MED‘ SZQKIEE@X?LIC

taln an a, o-unsaturated carbox acl as

h&CH BPREPAFSENONMETHOP OF HIESANEIAND PREFARATION

catalyst in which gold is supported on a carrier is
pr opos ETRCRIMaFRURSATURATED CARBOXYRICIAQIBN No.
2001-172222, and a catalyst in which palladium is
supported on a carrier is proposed in Japanese Patent
Application Laid- 20 Open Nos. 60-155148, 60-139341,
and bectBggalEieldcti vat ed carbon is described as one
exanpl e of carriers for supporting precious netals in
t hesEhe prasant inventipotrelates © a satalystdof oxidizing g iodgfin or
concerning a surface area of the activated carbon.

o Brunsstunated atdenyde sith moleraianRygepdn aliau phasate prepare
o G rLOBR RS0 OPPaBE 46, RBBAESITHREURY oL DR cel e
ar@%}{r%%r%ti% m%oéﬁ%’é’l o, B]-aﬂggtﬁfteﬁ%a?géxyﬁ%@di& ation

Bécquound Art

A catalyst for oxidizing an olefin or a,B-unsaturated aldehyde with
molecular oxygen in a liquid phase to obtain an a,p-unsaturated carboxylic
acid has heretofore been intensively researched. For example, a catalyst in
which gold is supported on a carrier is proposed in Japanese Patent
Application Laid-Open No. 2001-172222, and a catalyst in which palladium
is supported on a carrier is proposed in Japanese Patent Application Laid-
Open Nos. 60-155148, 60-139341, and 56-59722. Activated carbon is
described as one example of carriers for supporting precious metals in these
documents, but there is not any description concerning a surface area of the
activated carbon.
<Prior Document List>
Japanese Patent Application Laid-Open No. 2001-172222
Japanese Patent Application Laid-Open No. 60-155148
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Di scl osure of the Invention 5 As a result of
preparation of acrylic acid from propyl ene by the use
of a precious netal -supported catal yst in accordance
wi th nmet hods described in exanples of the
above-descri bed docunents, the present inventor has
found that many polyners or oligoners are incidentally
produced in addition to by-products éacetaldehyde,
alepapese Ratent Applicationttiaid-pem Ne.B®h3d934 bxi de) 10
described in the above-described docunents. It has

blapanese Fatent Aprlication daid-pipeprie $S&PIGRL goners are

not trapped and an actual yield of acrylic acids
including these is lower than a val ue described in the

exanpl es of the, ~ ahove-described docunents. Therefore,

t he yi@ﬁ@w@éﬁwﬂ on nethod of ag

(3

2ok 1 ERSG S PR S B8 S pyinguse o
Ebfldls BeeaLpaokHl ravsy i ﬁé#o%.%%w?ﬂ R Kdgeserived

i S3BIEfds O il VeC B RIS, Sk raS et iffbrftor has

cat or

preparation of an at ur at

Cféﬁﬁé’l‘h’ét'rﬁan%?bgl FrLé?@oﬁBthﬁEf@av%r m@no%hté%xﬂhﬁhé‘é@ﬂw addition

adehydeln hi'gh yieldy a preparation hod of th

Ebgtmuuct%qaaaféwerﬁf@abétdn@naaﬁalémda@étsd &€d, carbon d|0x1de)

: unsat urat ed carboxylic acid in a high yield.
Alesarided in the dbevepdeseariied dogumernts, It has beers revealedi thiht

a catalyst for preparation of an a, (3-unsaturated
dhesmpylymeracr dligbmersaralinet tnapprad ahdEnraatwal yield of acryiic
a, (i -unsaturated al dehyde wi th nol ecul ar oxygen in
|gcifis incheting thesegs épwekthan a walug describad in sheeaxampies of the
carbox 'lic_acid, wherein a precious netal is suRgorted
Scrikee AlocHMets- hAbergiors. s%weﬂql et @ preparation method

of 100 n2/ re.and. 130
3t B aPr R iR ERBivic Adds otk Bhan faTFienbveh Bt gnere
%has been a demand for a catalyst by which the o,B-unsaturated carboxylic
acid can be prepared with a higher yield.

Therefore, an object of the present invention is to provide a catalyst
for preparation of an a,p-unsaturated carboxylic acid from an olefin or o,p-
unsaturated aldehyde in a high yield, a preparation method of the catalyst,
and a preparation method of the a,B-unsaturated carboxylic acid in a high
yield.

According to the present invention, there is provided a catalyst for
preparation of an o, f-unsaturated carboxylic acid, for oxidizing an olefin or
o, B-unsaturated aldehyde with molecular oxygen in a liquid phase to prepare

the «,B-unsaturated carboxylic acid, wherein a precious metal is supported
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preparation nethod of the above-described catal yst for
preparation of an 5 a,(3-unsaturated carboxylic acid,
conprising selecting activated carbon having a
specific surface area of 100 n2/g or nore and 1300
n2/g or less and |oading the precious netal on the
activated carbon. Furthernore, according to the
present invention, there is provided a prepr)%r ation
a5t acltyatad earban(ravingaspeesifis susface @ga ot 18 ingf/g or more and
corlnj’Brizc,i ng a step 10 of carrying out a reaction in
WHOPMA8 9BI1RSS: n or a, (3-unsaturated al dehyde is
oxi di zed with nol ecul ar, _oxygen jn a Jiquyjd phase in
Che piddiehver, abooring i tadaseel MudatiodhprdE Hrayidtd a
preparation of an aM unsaturated carpoxylic cid t
reharedon raethon 3 it abRrariac i SARRAL far s ap A piad an
ca r [ .at | : (. 3- r
b Blephrateo ce oY RRd i Bind 88|y R aH B

' . 2 rdi
e e Bbeiic sirtdbe 2k 8 Fho RYAT0Y erk 3Rd o0 gk ioss

8 1§alif HE TR LA MRS Y bied Batichy L e i of

yst of the present invention is

pr ef elrapiarinefe, |dctbtding it F@s@ﬁt irv@ntion Vihiefd isasroyided a
acid is prepared from propyl ene or acrol ein or

peéparativhintethod f iah & panrsatgratecdcarbdlylicatidl ydraprsing a step
met hacrol ein. Mreover, according to the preparation
rof choglingf outherezmtiah yis which an loéefirporep f-ansaturatéd aloehyde is
a, p-unsat urated carboxylic acid of the Bresent

ioxictized with melreular ekygernirsg jquitsehasedindte gresgneeofdha

be oxidi zed with nol ecular oxygen in the |iquid phas?
eboye«inscaben satalyst fonRraparatiashiotan Wnﬁetua%ﬁa capoxylic
wi th the hi i el d. Fur t her nor according to the
pﬁC@E‘éﬂHﬁP@Fg ﬂ?ﬁvﬁgaduﬁ?aﬁyf?gegf’afpo’ﬁﬁgéﬂ‘ifat ed carboxylic
aci d, a, p-unsat urated carboxyli c aci .
prep a.ﬁé@‘?\ﬁ qagalyﬁéf%ﬁl pgﬁpar%twr? 5t {he a,%—urgsa‘f%tgf carboxylic
acid of the present invention, the olefin or o, B-unsaturated aldehyde can be
oxidized with molecular oxygen in the liquid phase to prepare the o,B-
unsaturated carboxylic acid with the high yield. The catalyst of the present
invention is preferable for liquid-phase oxidation in which acrylic acid is
prepared from propylene or acrolein or methacrylic acid is prepared from
isobutylene or methacrolein.

Moreover, according to the preparation method of the catalyst for the
preparation of the a,p-unsaturated carboxylic acid of the present invention,
the olefin or d, B-unsaturated aldehyde can be oxidized with molecular
oxygen in the liquid phase to prepare the a,p-unsaturated carboxylic acid

with the high yield.
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5 Best Mode for Carrying out the Invention The present
invention relates to a catal yst for oxidizing an
olefin or a,p-unsaturated al dehyde wi th nol ecul ar
oxygen in a liquid phase to prepare an

a, p-unsaturated carboxylic acid (al so hereinafter
referred to sinply as |iquid-phase oxidation), and a
precious metal is supported on activated 10 carbon
havi nd-rthasesire aceandingde the peepsaration methed of theox 8- and
1300 n2/g or less to constitute the catalyst for the
pinsaiyrgtecbsapoxyliccacidptherms Brunsatwated sanhexylic acidGam be
In accordance with the catal yst for the preparation of
th@pa’éﬁ‘{)Wlﬁﬂ;%Q DighyMelde ar boxyl i ¢ acid of the present

i nvention, an amount of by- products produced during
oxi dation of the olefin or a,p-unsaturated al dehyde 15
with né- | ar . oxyqgen i e, iguld phase to prepare

t he a v, U ; o = ' = - ! ¥ G

B Loy getrd is small, and it
car ES?@?‘%’ bfossfy FiEFfof refbe SdBl™ B 40zng gn.olefin or
T BLAEENRRR Qb M 3IeEch 25 17 BigRF P Fprepare

BN &!p-OisaturBibd capsdxiylic BED (afsd ﬁ&@iﬂa?ie?-refaa@oeﬂ@eawfas

surface area can be freasured wth an automatic surface
dicad-pRaty aRidatita)) amel d predidlis HRE) i§ ELPHEtEd bR )ackugded

by Shimadzu Corp. The specific surface area of the
azdrberhadinga bpecifio sudace ared b1 0 mékrot more and i1800imm*/g or
100 n2lg or nore, and preferably 300 n2/g or nore. The
Jdess reconstitutedné satalystdar thie prepacaticnvefitbe o;frunsatdrated

use in the present invention is 1300 n2/g or |ess,
;ﬁfaéb@ﬂ&@l%clcgotmemgame witb dhe gatalysi fer eprepacdengl/tge

4 or |less. Wien the specific surface area is |arger

thErHNE8aalRg earbaxylic#qig abthe prrsephinyepdion; 8hagmauat of by-
IRERSARGradieR Alng BGBabos e 86y Srbinsbieshaigenvee

Lot REI&RRS oslyden in the liquid phase to prepare the o, p-unsaturated

carboxylic acid is small, and it is possible to prepare the ¢, p-unsaturated
carboxylic acid with the high yield.

The specific surface area of the activated carbon described above is
measured in a state before loading the precious metal by a multi-point BET
analysis. The specific surface area can be measured with an automatic
surface area analyzer such as TriStar 3000 (trade name) made by Shimadzu
Corp.

The specific surface area of the activated carbon for use in the
present invention is 100 m%g or more, and preferably 300 mzlg or more. The
specific surface area of the activated carbon for use in the present invention

is 1300 m%/g or less, preferably 1000 m%g or less, more preferably 800 m*/g
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ei ther case, the yield of the a, (3-unsaturated
carboxylic acid decreases. 5 The activated carbon for
use in the present invention is not especially
limted by a raw material, form presence/ absence of
activation, and activation nmethod, as |long as the
above-descri bed conditions of the specific surface
area are satisfied. Exanples of raw materials of the
tlesat ¥henthemspedficcsurtacemreads largeoinan 53X ms/g, activity of
and synthetic resins. Exanples 10 of the formof the
dbpicplalest teads tmdecrersee VYoor thespeeliudace aap isgmaller
s form

FhaRcBan 8! ahraicenamont Shevmdyels rada e rdease. In
FheT Separheafeld o o sk e oG AT 28es
ot ed {iefeliRed satbondef Goe [ lrstPrestRrkipblioh s Bespecially

jﬂﬁgﬁg@ a 2 %Qfefigﬁ rfSﬁn,OEre%QQ%?:ébg%!ﬁéele Q&NA‘BB{.{JQ@& ude

con I'r'ng fan i on tenpera

aeft‘i'ib@fioﬁ?ﬁét?@&,i ﬁlogn'g'?s tﬂ%@ﬁﬁgﬁﬁcﬁﬁbh‘@hhﬁfbn@foﬂtﬁ& specific

raw materi al. nera n e activation

R MRREeArHA Brb RaliSTERE SExaBIeSRIThlv rRatetiald dlthedctidattid
the activated carbon tends to i ncrease. \Wen the

asdrbyminoide’ WobtsEcdcdnuP 8BS, cbBR SbSyrithetis redins eExamples
area of the activated carbon tends to increase. The

ofdoe foren ofthel activateal cartionrindlbde powdesdd forom chashed form,
descri bed above is one or nore selected froma group
q@rasuler form, gellptiredittiromand fibeausrform. Examiples of an activation
ruthenium iridium gold, silver, and osmum and is,
amethve\af the pctivated camry insludessteany activatien: earbppdlipyde
group..consi sting of 5 palladiu | atj pum rhodi u )
HNHGR RN FhiariamachKal e noSEhals EichemlyAtog and dikali
es ec{.ally preferable. An anount of |oading of the
NVaU'YEscri bed precious netal is

It is to be noted that the examples of a control method of the specific
surface area of the activated carbon include a method of controifling an
activation temperature and/or activation time during the activation of the raw
material. In general, when the activation temperature increases, the specific
surface area of the activated carbon tends to increase. When the activation
time is longer, the specific surface area of the activated carbon tends to
increase.

The precious metal supported on the activated carbon described
above is one or more selected from a group consisting of palladium,
piatinum, rhodium, ruthenium, iridium, gold, silver, and osmium, and is,

above all, preferably one or more selected from a group consisting of
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usually in arange of 0.1 to 40 % w th respect to

the activated carbon 5 before the | oading. The anount

of | oading of the precious netal with respect to the
activated carbon before the loading is preferably 1

w % or nore, nore preferably 2 wt% or nore,

especially preferably 4 wt% or nore. The anmount of

| oadi ng of the precious netal with respect to the o
aeallagiur dpletinuwanrhastigmeruthenium iridive, ped gold, andipallaghium is
wt % or less, nore preferably 20 wt% or less, 10
caspegiallyigrefarabler abl y 15 wt % or | ess. The catal yst for

E)fhet oA AL O t‘i{agh}fgeafﬁth?@%&ia@rciqsmt = 'E%d?yi‘éégﬁéh&%@@i ’
%@W?%@h’ﬁg 5 Bi1 I B Safawd Eﬁé‘%&ﬁﬁ&f “SiRElResrbon
dtifs e 1pafing o ecech Bl FIBRRE.T th b oS K8 Tl fespect

R34 psat%l c%?lrgrrgé ﬁbfbre MNe ﬁaaﬁ?ﬁoﬂs}/%ﬂrehférgé% ‘P@J‘t% or more, more

preparation o acrylic aci ylene 0
Tri558 2 o, BOREhP BTy Berrs, The smoun
SofloH8iPRIdf tHé Breddimeral viittirdspetf tol the dtieari carbon before

invention is not especially limted, and it is
Rpedoaditgti® prsterablyTB0 A% onlesk] Mbrd Prefefhbig PO wWA%Edr less,
carbon having a specific surface area of 100 n2/g or
nespecially préfdablyVSowtt drésss.i s sel ected, and the

precious netal is |oaded on the activated carbon.

Pr ef er'tie patalyst fardhe paeparation o théenf-ogsatusgtedicarkoxylic acid
surface area of 100 n2/g or nore and 1000 nR/g or

| efdbeipsesentdovesiionds grefreabie &si acatalysb fof pregafa%@@ézf tha o.B-

RSl e el SRR bl ke,
R 95 Al AR bl ol Bl e ©
SeBblr i baBlTont opdr dh Befd BBl e
preparation of methacrylic acid from isobutylene or methacrolein.

The preparation method of the above-described catalyst for the
preparation of the a,p-unsaturated carboxylic acid of the present invention is
not especially limited, and it is possible to use a method in which the
activated carbon having a specific surface area of 100 m*/g or more and
1300 mzlg or less is selected, and the precious metal is ioaded on the
activated carbon. Preferably, the activated carbon having a specific surface
area of 100 m?/g or more and 1000 m?%/g or less is selected, and the precious
metal is loaded on the activated carbon.

More concretely, a precious metal éompound corresponding to the

precious metal to be loaded can be reduced by a reducing agent in the
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agent is added to a solution of the precious netal
conpound in which the activated carbon is dispersed,
and the precious netal is reduced and | oaded 5 on the
activated carbon. The catal yst can al so be prepared by
a gas-phase reduction in which the activated carbon

i npregnated with the solution of the precious netal
conmpound is dried to support the precious ngtal

 poegrneePf the acﬁéatsdtqamrem praPgEm theseatalyst - EaF examplee the

SUpRnLeS e ous, [otol CTOUn ke dﬁ'ﬁﬁ@%re%'ng
reduf - oéqclﬁﬂs S&ﬁhaﬁb a@?@p GE0eR sAmAdENd N which e
A 98 e LB L SR B
%ﬁatﬁgta;%’tlbgﬁd?%rgéﬁ ?Q%@g?%k%ecago%%%&e ﬁ%géf’éoeby a gas-phase
"i‘é&ﬁéﬂoﬁcﬁtv&“gﬁ ﬂ'lepQEiW tﬁérﬂcﬁﬁ ﬁhé’éﬁl i e:scﬁuﬂtaw of the

erabl e exanp ereo
e S R

;bgltﬁé Ia@fvateeitizrben, C&nd‘ﬂhbfé’éf%rQﬁe sPpOREE phatiol® hiddtal As

e solvent in which the precious netal is dissolved,

icheipounaris bedudericil aeddectivaatmosstiere, Ateiverall, tioe fiquidephase
aci d, hydrocarbon, or mxed solvent 20 of two or nore
setlagtioeds fpreferablgr dine preparationmgetiiod dfdhe calalystdiwibetliquid-
is appropriately selected by solubility of the

phase seductioravillqmipivartear be deseribedduci ng agent or

di sper5| bility of the carrier. The activated

and pri&e RIgsiovetaetat SWBBQHBC’ is eotarEially ImEed SHPvaNer. 2
BelRrane Sramae Hireatis AL AouaR oId, a¢otalh Bl dthcSLiate,
R EG PR o st e e oy WIS G febbrsP g6 o
%&Eﬁr@%ﬁ@- xatfiple VierlBf R a BRIBRGE2bkYePLELGIS Mittald ot

sulfate of the precious metal; and an especially preferable exampie thereof

is a chloride, acetate or nitrate of the precious metal.

As the solvent in which the precious metal is dissolved, there can be
used water, an alcohol, ketone, organic acid, hydrocarbon, or mixed solvent
of two or more selected from a group consisting of them. The soivent is
appropriately selected by solubility of the precious metal compound or the
reducing agent or dispersibility of the carrier.

The activated carbon and precious metal compound are added to the
solvent in a desired order or simultaneously to prepare a precious metal
compound solution in which the activated carbon is dispersed. A

concentration of the precious metal compound is usually 0.1 wt% or more,
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Mor eover, an upper limt of the concentration of the
preci ous netal conpound is usually 20 wt % or | ess,
preferably 10 wt % or |ess, especially preferably 7 wt%
or less. The amount of the activated carbon to be 5

di spersed in the solution is appropriately set in such
a manner that the anount of |oading of the precious
netal with respect to the activated carbon before the
Inseieralely i0he mé % @smarey @speeiglly greferably Orewie pxmere.
obt ai ned cata

lyst.. Next, the reducin a%ent IS aﬂded

tMO'iﬂ%eﬂiaéb@?l rdwnit gf WS&%@ZE‘E@“% 9@%@' g&?é'ﬁaﬂk‘)e"ra t he
qup e"'b%%%d?g%@aﬂéﬁﬂpaé%m @S?&ré%%gﬁ&f 4th Bt dpesgialy

i T [ i C. [
el b R dets off's SeBREOL B AR ofioliTfbe’ "
SRS T oAt Rl S0 DA it g
Ut i fdting bF i BScio eI GRA B30ec10 e Kofiited Larbon
‘ggfn%\'etthﬁ I?%C?iﬁﬁ GhdiCed® 98red VL i He fiSallJEbFbined catalyst.

ound use, the solvent, the reduci'ng agent,

Nkt t the redkigingidgent is\gddatPRehealispersRIPbIRHUGE the precious
define, but in the |iquid-phase reduction the

mestat in the precipes aetabcompaosndldnd thetartivat@darben ot Wkich
reduction tinme is 0.5 to 24 hours. 20 After the

rtieel veducad, prebousahetahisesiipportedcambevobteinedhe preci ous
metal _is supported (hereinafter referred to as the
cat al yide) reducingragent adhich ean beaisedi ig tbe presentimyandion is not
This method for separation is not especially limt

ipsPecially fipiteds Hewever; exampalesdheresh inclyde Pya@zine. 6%?"1&“&
SRR oS de 3SR e bk B BRI R o
SroBHee 3 THRBENS 25T on of & preci ous metal

el eMerince reduction temperature and reduction time differ with the
reduction method, the precicus metal compound for use, the solvent, the
reducing agent, and the like, it is not necessari!y appropriate define, but in
the liquid-phase reduction the reduction temperature is usually O to 100°C
and the reduction time is 0.5 to 24 hours.

After the reduction, the activated carbon on which the precious metai
is supported (hereinafter referred to as the catalyst) is separated from the
dispersion liquid. This method for separation is not especially limited, but |
methods such as filtration, and centrifugatibn can be used. The separated
catalyst is appropriately dried. A method for drying is not especially limited,

and various methods can be used.
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contained in the solution separated fromthe catal yst
after the reduction is preferably set to 10 ng/l or
| ess. This amount can be controlled by concentration
of the precious netal conmpound before the reduction or
5 reduction conditions. The presence of the precious
nmetal elenent in the solution can easily be confirned

by addition of the reducing agents such as hydrazine.
The cdiisdatbediotes thaithe cencentiation ¢fjaptasioysynetal element
sol ution can be  quanti tg vel y determ

@E@tﬁmq&lﬁn he50)ution separa fr@p.thagfm% nﬁ?'%é%mﬁon Is
[ - 10
baéfsﬁ%%liﬁéﬁiocii bﬁz()fri BeSeThRamond ﬁr@ﬁ%ﬁ?ﬁﬁrﬂww o
. T iV

GEc O e 5 s 4 M et
R e S Y B S
ot U oo FRTIIESAiich br NEVRREI] RS Such as

B ¥ BGROP ic lodling fang et bo
Qﬁiaﬁti?a@i@el idtErmipbe By dlemernid emalysis SiscH agivt®. phase by
the use of the catalyst for the preparation of the a,
P- uns @isudescpith ed atbovey theccatalyst for thd prapaeation of the o, B-

i nvention. Exanples of the olefin which is the raw
umsaturatedatarboxyicdagidh af theXfresantiavention oah béeprepared.
propyl ene, isobutylene, 1 -butene and 2-butene. o
Exanp|Tée cajalyshimay 8/ be estivatad sefereduijentedte the liguid-
the raw material include acrolein, nmethacralein,
Phase exidatiand A methed At activationds Aot aspedalhninpited qnd, der
0- phenyl acrolein), Wen the.raw materjal is, the

SRErTE. & Melpch LD (HeCaIPYSL b BRRRISE aeriiefie pe
prepared i.n _the |iquid-ph idation is an
BEBEAIeLR A r b U P BBReRi T ng the same
car boygik hE i RBpaatibAFhetibd 'df & bH-LAsattifiBd %_arboxylic acid
will be described in which the olefin or o, B-unsaturated aldehyde is oxidized
with molecular oxygen in the liquid phase by the use of the catalyst for the
preparation of the a,p-unsaturated carboxylic acid of the present invention.

Examples of the olefin which is the raw material of liquid-phase
oxidation include propylene, isobutylene, 1-butene and 2-butene. Examples
of the «,B-unsaturated aldehyde which is the raw material include acrolein,
methacrolein, crofonaldehyde (B-methyl acrolein) and cinnam aldehyde (8-
phenyl acrolein).

When the raw material is the olefin, the a,p-unsaturated carboxylic
acid to be prepared in the liquid-phase oxidation is an a,p-unsaturated

carboxylic acid having the same carbon skeleton as that of the olefin. When
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the raw material is the a, O unsaturated al dehyde, an
al dehyde group of the a, O-unsaturated al dehyde is
changed to a carboxyl group in the a, 0- unsaturated
carboxylic acid. The catal yst of the present invention
is suitable for the |iquid-phase 5 oxidation in which
the acrylic acid is prepared from propyl ene or

648 o TR A o G e v
e UrSERPAIT 486 RIRt R0 5 A laiop Bl BT Y8 4 o
PRl SRR on T or “ieein the reaction is
econo'?h%aéét%ﬂlysPSﬁhg ﬁg%%ntgh%entmﬁt is %Hftﬁbll%?)gggge ﬁiuig-pl"afse

m xed gas o

Fovae =iey] OIM %Hléh hﬁﬁérgﬁc B Eﬁ% ?r@pér@d‘f?cﬁn ﬁrdg)ﬁéﬁb Bfacrolein, or

obt al ne or pure oxyden wt

ithé hdBEcryidBEidNs ‘Eﬂré’ﬁér@@ frcﬁﬁ SYButyéné Be méthé(@roleﬁ The

solvent fOor use in the |iquid-phase oxidation is not

especiTHd Mefih ioful B-ansatifatet! didemasivhich i$ theirsy wedterial may
al cohol s such as tertiary butanol and cycl ohexanol;

lcehtaina smalhaamuat ef satarated hiydrooarions &med/on lnwm-rsiaturated
met hyl i sobutyl ketone; organic acids such as acetic
atdehydes@s iopiucitiesi d, n-butyric acid, iso-butyric
acid, n-valeric acid, and iso-valeric acid; esters of
or gamPeswcacﬂf inalaerangxyaanfor ageﬂ@tf@ e&mtlﬁ@tlwponomlcally
o i onat e; dr ocarbons such as cIohe ane,
Rreferaly@ie bUgPUf& vEen I A furad 91?5 ? f&rO’H%PB and ar may

ei% oot dhecesag b s AP aie A EPRd EHb ppigine

By Yo 830 b s aPh WihiGoedf o 9 dteam, or the

kgf erabl e. The anmpunt of 25 water in the
wat er - cont ai ni ng m xed solvent is not especially

lrr:);net qq'ﬁ'ﬁ%ﬁﬁeﬁth@r uéé’i’iﬂhe' liquid-phiaSe I%B(Efaﬁbﬁbé YioRe¥pdeiany
preferably 5 wt% or nore wit
limited, and it is possible to use water; alcohols such as tertiary butanol and
cyclohexanol; ketones such as acetone, methy! ethyl ketone, and methyl
isobuty! ketone; organic acids such as acetic acid, propionic acid, n-butyric
acid, iso-butyric acid, n-valeric acid, and iso-valeric acid; esters of organic
acid such as ethyl acetate and methyl propionate; hydrocarbons such as
hexane, cyclohexane, and toluene; or a mixed solvent of two or more
selected from these groups. Above aII', the mixed solvent of one or two or
more solvents selected from a group consisting of alcohois, ketones, orgénic
acids, and esters of organic acid, and water is preferable. The amount of

water in the water-containing mixed solvent is not especially limited, but the

lower limit is preferably 2 wt% or more, more preferably 5 wt% or more with
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10 respect to the mass of the m xed sol vent. The upper
l[imt of the anount of water is preferably 70 w % or
| ess, nore preferably 50 wt % or |l ess. The solvent
preferably has a honogeneous state, but nay al so have
a heterogeneous state. 5 The |iquid-phase oxidation
may al so be carried out in either of a continuous

syst em and bat ch stem and the_continuous systemis
gespestdpithe masscidheaned saivent prRRiueRerjraiy of mount of

walenis séanér‘éﬁmf"me{vg% grdess, Ea.cﬁ‘réiparé#“er%és Swiih ey Tor
5 t h 10 th
%eféut%rré 4191 s BoR0tesd o byt Ty dsfheve i
I the amount of the raw material is

{EEaasnB6Up 8148 by weight or |oss, prefer ably 10
by oot He M Hnage xiddion iy AIFE cBlridfdineRferof o,
oﬂESTS %%é"?éﬁcﬁ]ﬁé | Ysterm, Mﬂ‘%’cdmfn%o%ts sfef® ReCt

I'n or a unsat ur at

HrefepioR W?ioﬁglde?aﬁcﬂ'?offﬁr‘ﬂdﬁéﬁ\ﬁfy‘ al. The upper limt of

ecul ar oxygen anount 1s usually 20 not or |ess,

pr ef erpid ¥mbBinfBf thelolefs &r alPRuAsRUATed Atdehyde winith @ the raw
| ess. The catalyst is usualfy used in a suspended

Thategial 5 Ldaallydnt panrby weightioemore,doreterablysh Siparuisye deight
in a fixed bed. The anmount of the catal yst 20

eofimoiengith respect ke 1 00 padsiby ingbtqiaﬂhlewoﬂNent Jdetupper limit of
wei ght or nore, preferably 0.5 gart ght or nore,
dbp @nneuntyof thefaw material i aisuially w@nagtﬁtbyorelsbf er lagst h
res ect to 100 arts by wei ght of the solution
ﬁh'@{ 1hpans Vé‘ffd@htcﬁf les;it. The upper limt of the

cu)fa?Es o agourEpEmblesslar xy5Ra7 uSeg Bk dreP B,
g?e%él'y 3 30l $héTe Rlore brefaPhtiy 0% % 0P Mor@'wiltFrespect to

1 mol of the olefin or o, B-unsaturated aldehyde which is the raw material.

The upper limit of the molecular oxygen amount is usually 20 mol or less,

preferably 15 mol or less, more preferably 10 mol or less.

The catalyst is usually used in a suspended state in the reaction
mixture, and may also be used in a fixed bed. The amount of the catalyst
existing in a reaction unit is usually 0.1 part by weight or more, preferably
0.5 part by weight or more, especially preferably 1 part by weight or more
with respect to 100 parts by weight of the solution existing in the reaction
unit. The upper limit of the usage of the catalyst is usually 30 parts by
weight or less, more preferably 20 parts by Weight or less, especially

preferably 15 parts by weight or less.
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11 A reaction tenperature and reaction pressure are
appropriately selected depending on the solvent and
raw material for use. The lower limt of the reaction
tenperature is usually 300C or nore, preferably 500C
or nore, and the upper limt is usually 2000C or

| ess, preferably 1500C or less. 5 The lower limt of
the reaction pressure is usually an atnospheric |,

pr ess ¥ eeaction temperaigreand reasction pressuresre apprapriately) v
S5lpeted dSBonR0 AGoIDE Sopest 0 dgw shatpBaL iR Bst: drRpyseT ymit
RN P R
530S, 3 e b B G SRS MR B or s
b R L T S b
1183 Qg PSP ooy VIS ldpetre) or
ﬁﬁtfﬂé? HePhpsdr (At & @ddly oo MPagfquﬂgéPPéﬁﬁd) & Idebysteferably

selectivity of the a, o-unsaturated al dehyde to be

B MPar(@dugé préssury) biylegs. a pol ymer/ol i gorner to be
prepared, and selectivity and yield of the g -

unsat EXAMBLES boxylic acid to be prepared are defined
as follows: 20 Conversion (% of the olefin or
a, 0- uet presentinueotadtywill hereraftay be desoribed Ineere; cancietely
of the a, p-unsaturated al dehyde = (C/B) x 100, .
sdthetamples apd qameparative am@pmabeﬁtwméﬁyﬂ inventionyis not
25 = (D.B) x 10(?; . .
limited to the examples. In the following examples and comparative
examples, "parts" mean "parts by weight”.
" (Analysis of Raw Material and Products)
The raw materials and products were analyzed using gas
chromatography. Conversion of an olefin or o, f-unsaturated aidehyde,
selectivity of the a,p-unsaturated aldehyde to be preparec_l, selectivity of a
polymer/oligomer to be prepared, and selectivity and yield of the o, p-
unsaturated carboxylic acid to be prepared are defined as foilows:
Conversion (%) of the olefin or o, B-unsaturated aldehyde
= (B/A) x 100;

Selectivity (%) of the o,B-unsaturated aldehyde
= (C/B) x 100;

Selectivity (%) of the «,B-unsaturated carboxyiic acid
= (D/B) x 100;

Selectivity (%) of the polymer/oligomer

12
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Selectivity of the polyner/oligoner 12 = (E/B) x 100;
and Yield (%9 of the a, OGunsaturated carboxylic acid
= (DA x 100, where A denotes a nol nunber of the
supplied olefin or (x,o0-unsaturated 5 al dehyde, B
denotes a nol nunber of the reacted olefin or

a, O unsaturated al dehyde, C denotes a nol nunber of

the prepared a, o-unsatura | dehyde, D denotes a
mol nunber of the® %&9@% égaa'@aunsaturated car boxylic
aci d, denptes_a no er, of the ol ymer and

ol i gor)@?'g &H{fﬂﬁ?g @1’1’5‘59{5‘\" gb boxyfic ag oI efin or

(xpunsaturated al nit, in 10 which a total
wei ght (unit: f(B‘(;'ﬂ% Spgpared pol ymer and ol i gomer

o1 o B A A o B i
R4 SRR B oind eSO SRt
Hdarplete c}%ﬁ&eg shAYRmBaN b e Bropaskid g rdelRercr ea

prepar rom coal was sel ected as a

%i’déﬂy%!é B @enotas aans! hiABer of the réparatdad pasisaturated 00
parts of acetic acid and 2.5 parts of palladium

afieiytic Wi andl Rdefoiss amohnumblenvbtheapalymbt eand oligomer,
heating and making a solution at 800C, 20 24.0 parts

ofhithis thieaviel muhbertfthecdefivor wf-ensatdesied aldedyde unit, in
Then, the mi xture was stirred at 800C for one hour_in
avhictaadotah welight{uniteg)eefitbe |pae@are¢ﬂplw'pern@m otrg@ner is divided
aut ocl ave was cl osed, and a gaseous phase .in th

ewta)moéﬁ@Iam\yelgebphtﬂedsmnilﬁdml@firbaw Rringatucated a[ﬂedpyde
hEeiie i ancho B 5 5ed i gyl s
<Example 1>

(Preparation of Catalyst)

An activated carbon powder having a specific surface area of 700
m?/g prepared from coal was selected as a carrier from various types of
activated carbons.

500 parts of acetic acid and 2.5 parts of palladium acetate were
placed in an autoclave, and after heating and making a solution at 80°C,
24.0 parts of the above activated carbon were added thereto. Then, the
mixture was stirred at 80°C for one hour in a state in which the autoclave
was opened. The autoclave was closed, and a gaseous phase in the
autoclave was replaced with nitrogen while a liquid phase was stirred.
Propylene was introduced into the autoclave to an inner pressure of 0.6 MPa

(gauge pressure), followed by stirring at 80°C for one hour.
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25 (gauge pressure), followed by stirring at 800C for
one hour. 13 Thereafter, the stirring was stopped, the
pressure in the autoclave was rel eased, and
thereafter a reaction m xture was taken out. The
resultant precipitate was collected fromthe reaction
m xture under a nitrogen flow by filtration. At this
time, a small amount of hydrazine nonohydrate was
added Thereafterf thet stiring wassstepged, theupsessrg in theaytagiave
any deposit of palladiumwas not obseryv

. . d. The
isdPiRasegs aad ﬁﬂ@@?ﬂ%ﬁé%?ﬂ%“%ﬁrﬂ’%@i&f‘ qutodhe resultant
B Tous B3 el BBl b Sl i e o
G AL Rk SR e Bt Voo

1 e hefot Hb SoRhl8a AT P drAREUEH s ot
%Bﬁ&v%d?‘d d solution were charged as a reaction
ofvent, 5.5 parts of the above catalyst and 2.5 parts

15 of ﬁﬁ%té(]ﬁﬁﬁs'\%g?rgcmtéfe Wa8 Bfed VEriigat ateARe CAhdEtithe

was cl osed. equ the stirrihg was started,

PitFbddienéw 10 Bbiin Becataly st il viaeh tee ?Qwum%b@l was

i ntroducing nitrogen into the reaction unit to an

isQpported.c Thiaramaiint of IGadiRg of ¢rupaliadiamaneta) in thiercatalyst was
introduced to an inner pressure of 3.5 W (gauge
@resure). In this state, oxidation reaction of

nmet hacrolein was 20 carried out for 20 m nutes. After

t he efBesattiomEvalgationbn, the contents of the reaction

unit were cooled to 200C bé an ice bath. A gas
sanpl im§hoagtogtayedneinginge simnagavice (hereinafier referred to as

@g? F%C{%i%ﬁ\uddnrlits,’ 76 p\é?tls\é)? a°§5 WZ %lseoagtalcg{ic.%% SOl 165 wee
charged as a reaction solvent, 5.5 parts of the above catalyst and 2.5 parts
of methacrolein were added, and the reaction unit was closed.
Subsequently, the stirring was started, and the temperature was raised to
90°C. After introducing nitrogen into the reaction unit to an inner pressure of
1.0 MPa (gauge pressure), air was introduced to an inner pressure of 3.5
MPa (gauge pressure). In this state, oxidation reaction of methacroiein was
carried out for 20 minutes.

After the end of the reaction, the contents of the reaction unit were
cooled to 20°C by an ice bath. A gas sampling bag was attached to a gas
outlet of the reaction unit, a valve of the gas outlet was opened to collect an
exhausted gas, and the pressure in the reaction unit was released. The

reaction mixture containing the catalyst was taken out of the reaction unit,
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exhaust ed gas, ahd the pressure in the reaction unit
was rel eased. The 25 reaction m xture containing the
catal yst was taken out of the reaction unit, 14 the
catal yst was separated by the centrifugation, and only
the reaction solution was collected. As a result, the
conversion of nethacrolein was 85.7% the selectivity
of nmethacrylic acid s 76.6%. the selectivity of a
Yop SRl S WasorRRaraled by the deniriuaationcnd enly th reaction
nethacrylic acid was 65.6% <Exanple 2> A catal yst
ﬁQbREV@%%ﬁﬁﬁmﬂﬁﬁpthe reacti on was eval uated in the

ST TN R N i Y
2)2 g@tﬂ%&yﬁg 5(:@15\??? 7?%"/‘3]‘ the S 1d8ivily B? Eﬁﬁgetfl&%qrﬂ@r was

are e conversion®o cro n was

3. 89 Fhaﬂnéﬂe;‘&gt M’gt%ao r@ﬁr% g@a WA ad 5%, aci d was 74. 9%

the sélectiv ol gomer was 14.9% and
the yigdy@dnpjle®st hacrylic acid was 69.8% <Exanple 3>
15 A catalyst was prepared and the reaction was

eval U gstalyst Wae prapared@mintie Raction Wasravatustee it the same
that the carrier was changed to an activated carbon

e dsaivi Bxgangple fesideipt thatithe carrier svasochagigedi®/an activated
prepared from coconut shells. As a resul ], 1 he

canvar powdeohavipg lsespediifis surface aréadsh590me /g gireparned frgm

20 of nethacrylic acid was 71.9% the selectivity of a
goelmer/ ol i gomer was 16.3% and the yield of

met hacrylic acid was 68, 2%_ <Exanple 4> A §2&@I éSt Y\ac? .
pr epafisca Eesblt the canvarsion qizgetbasialeinwes S £ie thgselectvity
of methacrylic acid was 74.9%, the selectivity of a polymer/oligomer was
14.9%, and the yield of methacrylic acid was 69.8%.

<Example 3>

A catalyst was prepared and the reaction was evaluated in the same
manner as in Example 1 except that the carrier was changed to an activated
carbon powder having a specific surface area of 850 m?/g prepared from
coconut shells.

As a result, the conversion of methacrolein was 94.9%, the selectivity
of methacrylic acid was 71.9%, the selectivity of a polymer/oligomer was
16.3%, and the yield of methacrylic acid was 68.2%.

<Example 4>

A catalyst was prepared and the reaction was evaluated in the same
manner as in Example 1 except that the carrier was changed to an activated
carbon powder having a specific surface area of 1200 m?/g prepared from

coconut shells.
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manner as in Exanple 1 except that the carrier was
changed to an activated 25 carbon powder having a
specific surface area of 1200 n2/g prepared from
coconut shells. 15 As a result, the conversion of
met hacrol ein was 62.0% the selectivity of

nmet hacrylic acid was 55.6% the selectivity of a
pol ynmer/ ol i 26. 3% d_the

Dot hadis A reslil The Gaversiong! edBiptaisinivaS €2 B%, the selegtivit
& FiBadilic SB7LHRERBIER, RoSelativiy BT Byt et e
72873 ot e ST BF b V" 557 07 Brepar e

et nacrariparafid BRERE 121 0 CPRET Vi Ty 10 o

met hagy ?ﬁ%l{afys?@da@ ﬁﬁéa%?;%ﬁ%t e atE ¢ (s \dvialudtéd #h the same

pol ymer I"'gomer e yield of

TRAATST a8 ihEasle eexdepb fat thé-eERr Was/éhdpgriitbar’actvated

catal yst was prepared and the reaction was eval uat ed

icarbdre pewtiBr having & spastifidsrfadecarealofebd0Onh’ /g iprepared from
carrier was changed to an activated 15 carbon powder

le@al.ng a specific surface area of 1600 nR/g prepared
from coconut shells. As a result, the conversion of

met hadksoh eesuitpdize conversiontdfenetbiacrieiniwgs 386%, the selectivity
met hacrylic acid was 52.5% the selectivity of

G af S y oL a
b matbaciylic gsicbwasA8.6%ctheoselegtiyity 1of aypalymegpligomer was
t hacrylic aci s.7.9% 20 <Exa e 5> In the
&ago i 8 dmwelgggﬁﬁmﬂyﬁﬁa‘adﬁ - c%‘/’aqueous tertiary
but anol . sol ut.i on. wer harged as a reaction sol vent,
10. 0 SHYTPHRVE EBTPle 95

A catalyst was prepared and the reaction was evaiuated in the same
manner as in Example 1 except that the carrier was changed to an activated
carbon powder having a specific surface area of 1600 m?/g prepared from
coconut shells.

As a result, the conversion of methacrolein was 15.1'%, the selectivity
of methacrylic acid was 52.5%, the selectivity of a polymer/oligomer was
36.7%, and the yield of methacrylic acid was 7.9%.

<Example 5>

In the reaction unit, 120 parts of a 75 wt% aqueous tertiary butanol
solution were charged as a reaction solvent, 10.0 parts of the catalyst
prepared in Example 1 were added, and the reaction unit was closed.
Subsequently, 6.6 parts of liquefied isobutylene was introduced into the
reaction unit, the stirring was started, and the temperature was raised to

90°C. Air was introduced into the reaction unit to an inner pressure of 3.5
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prepared in Exanple 1 were added, and the reaction
unit was closed. Subsequently, 6.6 parts of |iquefied
i sobutyl ene was introduced into the 25 reaction unit,
the stirring was started, and the tenperature was
raised to 90C. Air was introduced into the reaction
unit to an inner pressure of 3.5 16 MPa (gauge
ressure). In this state, the oxi.dation reaction.o
RaB5 J09uas resibl divPis et e xdaion TRACHEn Shsasr YRR
end of the reacjion, the contents of the reaction unit
msecafé@a%ﬁ??fo’i%@%st he ice bath. The gas sanpling

ant't - 8 1 EOE bahe helfcion. BT pHeN R ordhe P cE it Rbre
Roiéflo fﬁ]‘(,e?{?ﬂ'r@fc% RS T h%'ﬁ%ﬁ%ﬁp@ljﬂﬁtﬁ%% %r%s%tta:r&ged to the

reacti on unl was T el eased.

tcﬂ]tlﬁ% 3¢ tﬁéqgﬁa%ﬁbﬁ'dhﬂ CACL LR Hkéjgﬁt%gﬁtlét%§ EpénePd

I't, the catalyst was separated

CANbE! AvErhaRsied 3B8, SR the PRsEEATH tAB rea&ioH URilwédTeleased.

collected. 10 As a result, the conversion of

ITrereiaction enixise 36nkiaing ftite salabst Wdst take® but of the reaction
met hacrol ein was 40.2% the selectivity of nmethacrylic

aiitd thvencathllysl wids seplaeated|byahie\dentrifagation, and only the reaction
pol yner| ol i goner was 35.2% and the yield of
reofutiory was collerted. was 4. 0% <Conparative Exanple 3> 15
The reaction was evaluated in the same manner as in
ExanplAs a result de convarsioneofdsebutylenewas 362y dheseladtivity
catal yst prepared in Conparatjve, Ex le 1. As a 0
af santhacrolRin R AR 25k 1e 5o esiiy of aelhardiciacidas 1 1%,
el ecti Vi of t hacrol ei n wa 6% the. .
1 Selachiiy ot prbieli Hniersi 3620 s )nbyield of ethacrylic
LV of a polyner/oligomer was 29.3% and the
ST 0% hacry T : °

hacrylic acid was 1.2%
<Comparative Example 3>

The reaction was evaluated in the same manner as in Example 4
except that the catalyst was changed to the catalyst prepared in
Comparative Example 1.

As a result, the conversion of isobutylene was 16.7%, the selectivity
of methacrolein was 50.6%, the selectivity of methacrylic acid was 7.2%, the
selectivity of a polymer/oligomer was 29.3%, and the yield of methacrylic
acid was 1.2%.

The above-described results are shown in Tables 1 and 2.
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The above-described results are shown in Tables 1 and
2. 25 17 Table 1 Specific
RawConver si onSel ectivitySel ectivity surfaceYield of
mat eri al of of of area of met hacrylic

of met hacr ol ei net hacryl i cpol yner |
acti vat ednaci dol i goner

EX.

?@@é? 49093. 274. 914. 969. 8 Coconut Ex

activatedacid
carbon% () carbon2(% (%9 (% m
Ex. 1Coal 70085. 776. 613. 665. 6

3Shell [ s85094. |9FdeciBd 6. 3668'“2 CIC)% n nEit EXSeIectivit
tshel | s10b62. 05met526: 3558 - L Yiewd of
Coal 1400843616 2663 56. 6°7 of ° methacrylic
of ) methacrolei | methacrylic | polymer/ .
. activated . . acid
activated carbon n acid oligomer (%)
carbon (% % (%
(mg) ) (%) )
Ex. 1 Coal 700 857 76.6 13.6 65.6
Ex. 2 Coal 590 93.2 74.9 14.9 59.8
Ex. 3 Coconut 850 94.9 71.8 16.3 68.2
shells
Ex. 4 Coconut 1200 62.0 55.6 26.3 345
shells
Comp. | Gl 1400 396 16.6 67.5 6.6
Ex 1
Comp. | Coconut
Ex 2 shells 1600 5.1 5258 36.7 79
Table 2
Specific . .
Ra“f surface | Conversion | Selectivity Selectivity | Selectivity Yield of
material of of .
of area of of of methacrylic olvmer/ methacrylic
. activated | isobutylene | methacralein . Y P . y acid
activated carbon (%) (%) acid oligomer (%)
carbon % %
mi%g) (%) (%) |
Ex § Coal 700 36.2 40.2 11.1 35.2 4.0
Comp.
Ex 3 Coal 1400 16.7 50.6 7.2 29.3 1.2

In this manner, it has been revealed that an o,p-unsaturated

carboxylic acid can be prepared in a high yield from an olefin or o, -

unsaturated aldehyde by the use of the catalyst for the preparation of the

o, B-unsaturated carboxylic acid of the present invention.

Industrial Applicability

In accordance with a Apreparation method of a catalyst for preparation

of an a,-unsaturated carboxylic acid of the present invention, a catalyst for

18




Ex. 1 Conmp. Coconut Ex. 2shel|s160015. 152.536.77.9 Tabl e
2 Specific RawSel ectivitySel ectivity
surfaceConversionSel ectivityYield of materi al of of area
of of of met hacryl i ¢ of met hacryli cpol ynmer/

acti vat edi sobut yl enenet hacr ol ei naci d activatedacid o

aci doli gomer o carbon(% (%( car bon Ex.

5Cpal 70036. 240. 211. 135. 24

e¥idizing @redlefin o5z, &ﬂgsetyrqtemd@wa with molecrianaxygenin a

e’ 5@?92@“%%'95% f@é %ﬁ;lh s ﬂt‘éﬁfﬁrﬁéﬁlﬁf’ﬁh op Bidhy e
o s Pt BY e 66 o Tus talaliy R har S ey
%LCF?ESQB%%??@&%% Din 1N BRI\ R4, 10 I ndustrial
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In accordance with a preparation nethod of a catalyst
for preparation of an a, p-unsaturated carboxylic acid
of the present invention, a catalyst for 18 oxidizing
an olefin or a,p-unsaturated al dehyde wth nol ecul ar
oxygen in a liquid phase to prepare an

a, (i -unsaturated carboxylic acid in a high yield can
be prepared. By the use of this catal yst, the

a, p- unsat ur at ed carboxylidCL%@m% can be prepared with
the high yield. 5 19 CLAIMS 1. A catal yst for
preparation of an a, (i-unsaturated carboxylic acid by

o ok R B T Bl A PRI ity
y Ui . .

RxiHirgo 2rgelh or & SURRALLAS H G BT BB e pgenin -

it it e e plosighe el gbubingt ShEEAloER ot

WA 4 shB6iiB sERLGY Brd® b} 00 A Rer Mord8hd 1380%RYE ér iébs.
rom-a group consisting of pallfadium platinum

rhodium ruthenium iridium gold, silver, and

osmum 3. A catalyst for preparation of an

a, (3- nsAchfay R docpridparatidrrofen  p-ansaturditad carbadytit acild
or 2, wherein an anount of |oading of the precious 15

retelding to olaim rianrereih the préciodd metabisione oranprcseleded
the activated carbon before |oading. 4. A catalyst

fiiom prgrpap abnsisting ob pabadiuom platinum, etiodiam, sxthenguraciridium,
according to any one of clains 1 to 3, whichis a

aold sjlyer, fand ganeipaY- at i on of 20 acrylic acid from

propyl ene or acrolein, or a catalyst for preparation

of nethacrylic acid fromisobutyl ene or nethacrol ein.

3. A catalyst for preparation of an o, B-unsaturated carboxylic acid
according to claim 1 or 2, wherein an amount of loading of the precious
metal is in a range of 0.1 to 40 wt% with respect to the activated carbon

before loading.

4. A catalyst for preparation of an a,f-unsaturated carboxylic acid
according to any one of claims 1 to 3, which is a catalyst for preparation of
acrylic acid from propylene or acrolein, or a catalyst for preparation of

methacrylic acid from isobutylene or methacrolein.
5. A catalyst for preparation of an «,B-unsaturated carboxylic acid

according to any one of claims 1 to 4, wherein the specific surface area of

the activated carbon is 100 m%g or more and 1000 m%g or less.
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5. A catalyst for preparation of an a, o-unsaturated
carboxylic acid according to any one of clains 1 to
4, wherein the specific surface area of 25 the
activated carbon is 100 n2/g or nore and 1000 nR/g or
|l ess. 20 6. A preparation nethod of the catalyst for
preparation of an a, unsaturated carboxylic acid
according to any one of clains 1 to 4, rising

sel ectf. nfy paeparatior nathod ohthesatalyshios ;Pé%lpa nBOQ @f ﬁa@eB
area of 100 nR/g or nore and 1300 n2/g or |ess and
lunsatusgtadhearpexdicanid aseemdingto #y ome agslavas adoar bon.
7. A preparation nmethod of the catal

LWWS&%Q éﬂeshn&ﬁctavqsed GARAN HaRE ac%ﬁe&i!wqr@csaf&a of 100

@é’?m?reﬂ'mp?w At Tolorar ok ang iebdife et R ppi of he

e tand 1‘3 1000 n2/g or less and | oadi ng the preC| ous
_ ”é\? e8+aR@Nacti vated carbon. 8. A preparation method
of the catalyst for preparation of an a, o- unsat ur at ed
carboxylic acid according to claim6 or 7, corrprl si ng
a step, o n
cor r edpanBr et ot frngd BF i Catleftor ERARED of 20 0.

%aﬁfr&ié@&ﬁoﬁ%fcbé&?d Webbrding &ﬂélﬁlnﬁ‘g é&ﬁbhsin@ §éT@ctlng

presence o activated carbon. 9. A preparation

Rtivaddarbbs hadingl & Spedific safaeaardd ofmmj mély ov. hdre and
unsat urated carboxylic acid according to claim 8,

OO0 ¥y g lestoamy | deding the préciziusgnetboh the aatieatdicaton.
of the precious netal conpound in which the activated
carbon is dispersed, to reduce the precious netal
conmpound, whereby the precious netal is |oaded on the
act i v ol preparetion ntethad of hexratalysh fordraparaion:gfan o8-
catal yst for preparation of an a,, 6 0 25 unsaturated

c,umsawﬁtqdccq@pwlmq! acRerding 1 elpim § ofvh SPR(ISRa step of

Sﬁé.ﬁasé gr%cmluszn%etal compound corresponding to the precious metal to

be loaded on the activated carbon with a reducing agent in the presence of

the activated carbon.

9. A preparation method of the catalyst for preparation of an a., -
unsaturated carboxylic acid according to claim 8, comprising adding the
reducing agent to a solution of the precious metal compound in which the
activated carbon is dispersed, to reduce the precious metal compound,

whereby the precious metal is loaded on the activated carbon.

10. A preparation method of the catalyst for preparation of an o, B-

unsaturated carboxylic acid according to claim 9, wherein the precious metal
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conmpound is a chloride, oxide, acetate, nitrate,

sul fate, tetra-amm ne conplex or acetyl acetonate
conpl ex of the precious nmetal. 11. A preparation
met hod of the catalyst for preparation of an a,a- 5
unsat urated carboxylic acid according to claim9 or
10, wherein a concentration of the precious netal

S 5, 4538 STl ol el i
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al dehyde i s oxidized with nol ecul ar oxygen in a liquid
phase in the presence of the catal yst for preparation

of an ; ' .
ory o A VEPBIAI0h HRREBPI baayar it A6psiaoner o o
Urishturafed cHBbRflic &34 Rexyiding &Pélgrm 5%r2, wherein a

concentration of the precious metal compound in the solution is in a range of

0.1 to 20 wt%.

12. A preparation method of an o,p-unsaturated carboxylic acid,
comprising a step of carrying out a reaction in which an olefin or «,p-
unsaturated aldehyde is oxidized with molecular oxygen in a liquid phase in
the presence of the catalyst for preparation of an o, -unsaturated carboxylic
acid according to any one of claims 1 to 5 to prepare the o, B-unsaturated

carboxylic acid.
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